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Abstract 
As more and more water treatment plants were built, the amount of sludge in China increases rapidly. The 
main  method of disposing is landfill, but it will occupy a large number of lands. Co-digestion with kitchen waste is 
an effective way to treat sludge, but there are some problems, such as acidification. Dividing the anaerobic digestion 
into hydrogen production process and methane production process can solve these problems properly. In this study, 
a 300L continuously stirred tank reactor treating the hydrogen production residue from sludge and kitchen waste had 
been running for about 110 days. The reactor was operated at a temperature of 36°C. Due to equipment problem, the 
reactor failed to maintain suitable temperature from the 82nd day.PH and the concentration of TVFA were measured 
everyday after equipment breakdown. Total sugar, TCOD, soluble sugar, total protein and soluble protein of the 
feedstock were compared with that of the effluent to evaluate the performance of the reactor after breakdown. On 
the 102th day, the concentration of TCOD  decreased from 71009 mg/L to 53296 mg/L, and the degradation rate 
was 24.9 %, the concentration of total sugar and total protein respectively decreased from 9721 mg/L,23373 mg/L to 
5357 mg/L,14475 mg/L, the degradation rates were 44.9 % and 38.1 %. 
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Nomenclature 
VS  volatile solid 
TS  total solid 
TVFA  total volatile fatty acid 
NH4-N    ammonia nitrogen 
1.Introduction 
 Nowadays, there are about twenty million tons sludge generated in China every year[1]. Due to high moisture 
content, landfill and incineration are not proper ways for treating sludge. Anaerobic digestion is an ideal disposal 
method. However, due to the low content of organic matter, single digestion of sludge is not  efficient. 
      Kitchen waste has a high content of organic matter.  If was not dealt well,  it will breed  bacteria which is 
harmful to the environment. The main disposal methods of kitchen waste are landfill, incineration, composting and 
producing feed. Landfill and incineration sounds not appropriate due to the physical character of the kitchen waste. 
Composting and producing feed are also limited on account of product outlet and homologous virus problem. 
      It aroses more and more attention that kitchen waste  is added into anaerobic digestion system of sludge as a co-
digestion matter. Co-digestion of sludge and kitchen waste has many benefits, such as shorten lag time, adjust the 
C/N ratio. Co-digestion of sewage sludge and sterilized solid slaughterhouse waste was investigated by Peep Pitk[2]. 
Results showed that solid slaughterhouse waste addition in the feed mixture up to 5% (w/w) increased methane 
production 5.7 times, without any indication of process inhibition. Duan N.N[3] treated the sludge and kitchen waste 
using dry digestion method. Comparing to wet digestion method, dry digestion method has a higher organic load 
and a lower energy cost. Besides, dry digestion method can reduce the concentration of free ammonia and Na+, thus 
improving the stability of system. Mixing ratio can also influence the anaerobic digestion performance. Li D.L[4] 
found that when sludge and kitchen waste were mixed at the ratio of 1:1, gas production of system reached the 
highest level. Wang Y.H[5] investigated the performance of co-digestion of kitchen waste and sludge with different 
mixing ratio. It was found that when kitchen waste and sludge was mixed at the ratio of 1:1, the methane production 
potential, dehydrogenase activity and the concentration of F420 were optimal. 
      In general, co-digestion of the sludge and kitchen waste not only promotes the efficiency of the anaerobic 
digestion of the sludge but also offers a new method to dispose kitchen waste. But there are also some barriers for its 
wide use. The most important one is system acidification.At the beginning of anaerobic digestion, large molecule 
organic matter is broken into small molecule organic matter. These molecule organic matters were used by 
hydrogenogens and were converted into hydrogen and acid. Methanogens were sensitive to acid. When acid was 
accumulated, methane production rate will be influenced. In this study, hydrogen production and methane 
production were separated. After hydrogen production procedure, the pH of hydrogen production residue was 
adjusted to 7 and inoculated with treated sludge. Then it was poured into methane reactor and generated methane. 
2.Materials and methods 
2.1 Reactor 
      R1,R2,R3 and R4 were four kinds of  reactor. R1 is used for preheating kitchen waste. R2 is used for preheating 
sludge. The mixture of kitchen waste and sludge generates hydrogen in R3.And the effluent from the R3 continue to  
generate methane in R4 
 
2.2 Substrate  
 Kitchen waste was gathered from the college’s restaurant. Bones, plastic and other refractory material was 
removed by hand. Dewatering sludge was from a water treatment plant in Fuzhou. Kitchen waste was broken using 
crusher and its moisture content was adjusted to 90 %. Then it was preheated at 80 °C for 10 min in R1.  
     Sludge’s moisture content was adjusted to 90 %. Then it was preheated  at 75 °C for 10 min in R2. After 
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preheating, sludge and kitchen waste were mixed at the ratio of 3:2 (sludge g/kitchen g),  and its initial pH was 
adjusted to 7. Finally, the mixture was poured into R3 to generate hydrogen at 36°Ϗ. The gas discharged from the 
reactor was measured using gas flowmeter.  
     After 36h, hydrogen production procedure in R3 was almost stop. Download the mixture and get hydrogen 
production residue. There characters were presented in Table 1. 
2.3 Pilot scale experiment 
Hydrogen production residue was inoculated with fresh sludge at a ratio of 2:1. Its pH was adjusted to 7 and 
finally be poured it into R4 to generate methane. R4 was feed with 3kg hydrogen production residue per day, lasting 
80 day. 
                                                                                       Table 1.Substrates characteristics  
 Moisture content 
VS:TS 
(g/g) 
COD 
(mg/L) 
TVFA 
(mg/L 
NH4-N 
(mg/L) 
Sludge 79% 0.46 - - - 
Kitchen waste 83% 0.82 - - - 
Hydrogen production 
residue 
- 0.66 94448 23560 1451 
 
2.4 Analytic methods 
Sample was dried at 105 °C for two hours until its weight didn't change anymore. The decrease of the weight is 
measured to get moisture content[6]. Ammonia nitrogen was measured using Na's reagent spectrophotometric 
method[7]; VS was measured according standard methods.; TVFA was measured using colorimetric method[8]; 
soluble protein, total sugar and soluble sugar were measured according to the reference[9]; COD was measured using  
dichromate titration[10].
3.Result and discussion 
3.1 Performance of reactor  
Methane production rate and methane content were shown in figure 1 and figure 2. According to the methane 
production rate and methane content, the whole process can be divide into three period, namely acclimation 
period, increase period and steady period. But in this study, there were only acclimation period and increase stage. 
The reactor failed to enter into steady stage. 
       Acclimation period: In the feedstock, hydrolysis and acidogenesis are stronger than methanogenesis. In the 
early running of the methane reactor, hydrolysis and acidification were the main reactions. So organic acids were 
accumulated gradually along with the addition of new feedstock. Excessive organic acids inhibit the methanogenesis 
thus reduced methane production rate and methane content. So, in this period, as shown in the figure 1 and 2, 
the methane production rate and methane content were low. The methane production rate was below 18 L/d and the 
methane content was below 20 %. 
       Increase period: In this period, methanogens became more and more active and methanogenesis became more 
stronger. The accumulated organic acids were consumed by methane bacteria quickly. So, in this period, organic 
acids concentration remained at a relatively low state and methane production rate and methane content  increased to 
a new height. On the 36th day, methane production rate and methane content respectively reached 44.1 L/d and 
37.2 %. It can be found the average methane production rate in increase period was 22 L/d, and the methane 
content was between 20 %~45 %. They are higher than the one in the acclimation period. But it is not significant. A 
reason is that the reactor is fed too frequently. When the feedstock was poured into the reactor, air came into  
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                        Fig.1 Variation of methane production rate                                        Fig.2 Variation of methane content 
simultaneously. So from 62th day to 76th day, the plan of feeding was changed from 3 kg per day to 6 kg every two 
days. It can be found from the figure 2 that the methane content increased rapidly after adjustment. According to 
figure 1,the methane production rate  also increased. But it was not obvious and showed obvious fluctuation. After 
adjustment, the average methane production rate raise to 23.4 L/d. It was because reducing feed frequency was 
beneficial to maintain anaerobic environment thus promote the  methanogenesis. But every two days’ feeding may 
make the methanogens be lack of nutrients. And although the feeding plan was changed, it was inevitable that air 
came into the reactor when feeding. So, improving the methane production rate and methane content though 
reducing feeding frequency is not ideal. Considering above factors, the feeding plan was changed into 3 kg per day. 
It can be seen from the chart, the methane production rate and methane content decreased quickly, probably due 
to fluctuating amount of feedstock  make the reactor instable. And on the 80th day, due to the equipment problems, 
too much air came into the reactor and influenced the methane bacteria’s  normal digestion process.  
     On the 81th day, the methane tank has reached the set load (240 kg). So, 3 kg  residue was downloaded before 
feeding. It can be seen from figure 1 and 2, from the 81th day, methane production rate and methane content 
increased rapidly, respectively 33.2 and 42.7% L/d. The methane production rate was significantly higher than 
the one in the increase period. On the 82nd day, the methane content reached 45 %, but the rate of methane 
production began to decrease. On the 83rd day, it was found that methane reactor was not heating normally.(On the 
82nd day, the heat system may already be abnormal. The decline of the methane production rate on the 82nd day may 
be related to this) After investigation, we found it was the breakdown of sensor control system that make the 
heating system out of running. The methane reactor did not recovered until the 90th day. In this period, the methane 
production rate decreased rapidly. On the 90th day, the heating function of methane reactor recovered, 
but the  methane production rate was still very low. Until 110th day, the methane reactor had been unable to resume 
normal operation. 
3.2  The variation of pH and TVFA concentration in the period of  equipment breakdown 
        The variation of pH of the methane reactor was present in figure 3 (from 81th to 110th day).In this study, the pH 
of the feedstock was adjusted to 7 using Ca(OH)2 before feeding. In this period, the pH of effluent remained stable 
and acidification  phenomenon was not found. It also can be found that the pH of effluent were all higher than  the 
one of  feedstock. It was because in the methanogenesis, the organic acid was consumed by  methanogen and CO32-
, HCO3- were generated from protein. It produced alkalinity. 
The variation of TVFA of the methane reactor was present in figure 4. It can be found that on the 80th day, 83th 
day, 86th day and 89th day, the concentration of TVFA decreased rapidly. The degradation of TVFA means that  
although the temperature of  methane reactor  was not  maintained from the 80th day, the methanogenesis was still 
proceeded. 
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             Fig.3 Variation of pH of charging and discharge                             Fig.4 Variation of TVFA content of discharge      
3.3 The performance of reactor after equipment breakdown 
Several kinds of index of feedstock and effluent on the 102th day were compared in table 2.It can be found that 
TCOD decreased  from 71009 mg/L to 53296 mg/L and the degradation rate was 24.9 %. The concentration of total 
sugar decreased from 9721 mg/L to 5357 mg/L and total protein decreased from 23373 mg/L to 14475 mg/L.  The 
degradation rates were respectively 44.9 % and 38.1 %. Although the degradation rate is not very high, it 
illustrates  that the reactor is still in operation. 
Table.2 Variation of indexes of the 102th day’s feedstock and effluent from reactors  
 
COD 
/mg/L 
Total 
sugar 
/mg/L 
Soluble sugar 
/mg/L 
Total protein 
/mg/L 
Soluble protein 
/mg/L 
Ammonia 
nitrogen 
/mg/L 
TVFA 
/mg/L 
feedstock 71009 9721 385 23373 1568 546 3660 
effluent 53296 5357 329 14475 755 1627 176 
         However, the uncertainties of the experimental data should be considered. On the 83~89 day, due to the 
breakdown of sensor control system, the temperature of methane reactor could not be maintained. And with the 
addition of  gas leak, the activity of methanogens would be influenced. Therefore, the data from table 2 may be 
different from the real data. But, it can be found from the table 2, almost all the indexes present a  decreasing 
tendency. We can conclude that although the reactor doesn’t run normally, the methanogens still remained a certain 
activity. 
3. Conclusion 
Temperature played an important role in anaerobic system. The fluctuation of temperature would influence the 
activity of the bacteria thus influence system stability. So, power supply unit sometimes may be necessary. Gas 
tightness was also important for the stability of reactor. Well air tightness was not only the fundamental guarantee 
for reactor’s anaerobic environment, but also the necessary factor to measure gas production accurately. The gas 
tightness of reactor should be checked before starting avoid useless work. 
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